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SEMICONDUCTOR PHYSICAL-QUANTITY 
SENSOR HAVING A LOCOS OXIDE FILM, 
FOR SENSING A PHYSICAL QUANTITY 

SUCH AS ACCELERATION, YAW RATE, OR 
THE LIKE 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims the bene?t of 
priority of the prior Japanese Patent Application No. 
6-265776 ?led on Oct. 28, 1994, the contents of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor physical 

quantity sensor employing a semiconductor substrate and a 
method of fabricating same, and more particularly, to a 
semiconductor physical-quantity sensor having a beam 
structure and employing electrostatic force to detect 
acceleration, yaW rate, or the like, and a method of fabri 
cating same. 

2. Related Arts 

Adevice indicated in publication SAE910496 exists as an 
acceleration sensor according to the prior art having a 
thin-?lm beam structure. FIG. 27A indicates an entirety of 
this acceleration sensor. 

In FIG. 27A, A0 is a Si substrate, A1 is a beam, A2 is a 
mass, A3 is a movable electrode Which forms electrostatic 
capacitance and performs servo operation, and A4 is a ?xed 
electrode Which forms electrostatic capacitance in an inter 
val With A3 and performs servo operation. From A1 to A4 
is formed of polycrystalline silicon, and the mass A2 and 
movable electrode A3 are so supported by the beam A1 as 
to be disposed aWay from the Si substrate A0 With a 
predetermined interval interposed therebetWeen. 
Additionally, the beam A1 and ?xed electrode A4 are ?xed 
to the Si substrate A0 at an edge portion A5. 

These are formed of polycrystalline silicon using surface 
micromachining technology on a silicon substrate. 

FIG. 27B indicates a sectional vieW taken along line 
B—B of FIG. 27A, and FIG. 27C indicates a sectional vieW 
taken along line C—C of FIG. 27A. 

To describe a principle of detection of this sensor With 
reference to FIG. 27B, a movable electrode A31 exists 
normally in a center of ?xed electrodes A41 and A42 on both 
sides, and electrostatic capacitances C1 and C2 betWeen the 
movable electrode A31 and the ?xed electrodes A41 and 
A42 are equal. 

Additionally, voltages V1 and V2 are applied betWeen the 
movable electrode A31 and the ?xed electrodes A41 and 
A42, V1=V2 When acceleration is not applied, and the 
movable electrode A31 is pulled by equal electrostatic forces 
from the ?xed electrodes A41 and A42. 

Herein, When acceleration acts in a horiZontal direction of 
the substrate and the movable electrode A31 is displaced, the 
distances betWeen the movable electrode A31 and the ?xed 
electrodes A41 and A42 change, and the electrostatic capaci 
tances C1 and C2 become unequal. 
At this time, When, for example, the movable electrode 

A31 is taken as having been displaced toWard the ?xed 
electrode A41, the voltage V1 decreases, the voltage V2 
increases, and the movable electrode A31 is thereby pulled 
toWard the ?xed electrode A42 by electrostatic force so that 
the electrostatic capacitances become equal. 

10 

15 

25 

35 

45 

55 

65 

2 
When the movable electrode A31 assumes a central 

position and the electrostatic capacitances C1 and C2 
become equal, the applied acceleration and generated elec 
trostatic forces are balanced equally, and magnitude of the 
acceleration can be detected from the voltages V1 and V2 at 
this time. 

HoWever, in a sensor provided With an electrode of beam 
structure as shoWn in FIG. 27A, When static electricity has 
changed due to acceleration and the voltages V1 and V2 
have been caused to change in accompaniment thereto, there 
exists a problem that, When V1 and V2 become high, an 
electrical potential differential betWeen the ?xed electrodes 
A41 and A42 and the semiconductor substrate A0 also 
becomes exceedingly large, and dielectric breakdoWn occurs 
betWeen the ?xed electrodes A41 and A42 and the semicon 
ductor substrate A0. 

For example, because the dielectric breakdoWn voltage of 
the oxide ?lm is approximately 10 MV/cm, 10 V becomes 
an upper limit for voltage Which can be applied to the ?xed 
electrodes A41 and A42 on an oxide ?lm of approximately 
10 nm. Thus, voltage applied to the ?xed electrodes A41 and 
A42 is restricted. 
A method Which forms a suf?ciently thick insulation ?lm 

on the semiconductor substrate surface and forms an anchor 
portion on this thick insulation ?lm may also be considered 
as a countermeasure for a problem such as this, but the 
distance betWeen the ?xed portions A41 and A42 and the 
semiconductor substrate A0 surface is greatly offset With 
respect to the distance betWeen the movable portion A31 and 
the semiconductor substrate A0 surface, and a problem 
occurs Wherein the position of the movable portion cannot 
be controlled With good accuracy. Additionally, forming a 
suf?ciently thick insulation ?lm on the entirety of the 
semiconductor substrate surface may also be considered, but 
a problem occurs Wherein a neW step to form a hole in this 
thick insulation ?lm becomes necessary in order to Wire the 
movable portion and the ?xed portions. 

Furthermore, in a sensor provided With an electrode of 
beam structure as shoWn in FIG. 27A, sectional vieWs are as 
shoWn in FIGS. 27B and 27C, but for such a sensor there 
also exists a problem Will be described hereinafter. Namely, 
there exists a problem that, in a case Where voltage applied 
to the ?xed electrodes of both sides has changed during 
occurrence of acceleration, electrostatic force exerted 
betWeen the ?xed electrodes of both sides and the substrate 
changes and the ?xed electrodes are deformed and displaced 
With respect to the substrate, the opposing surface area of the 
movable electrode and the ?xed electrodes differs at both 
sides of the movable electrode, and as a result, the generated 
electrostatic force differs from the design and acceleration 
detection of good accuracy cannot be performed. 

SUMMARY OF THE INVENTION 

In light of the above-described problems, it is an object of 
the present invention ?rstly to provide a semiconductor 
physical-quantity sensor Which can improve a dielectric 
breakdoWn voltage betWeen a ?xed portion (?xed electrode) 
and semiconductor substrate With no large offset of a mov 
able portion and the ?xed portion, and secondly, to provide 
a semiconductor physical-quantity sensor Which can per 
form high-accuracy physical-quantity detection and for 
Which the ?xed portion (?xed electrode) is not prone to 
deformation, even When voltage applied to the ?xed portion 
(?xed electrode) is caused to be changed, and a method for 
fabricating same. 

To solve the above-described problems, the present inven 
tion provides a semiconductor physical-quantity sensor 
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comprising a semiconductor substrate; a movable portion 
disposed above the semiconductor substrate With a prede 
termined gap interposed therebetWeen and supported by a 
beam-structure body so as to become displaceable; and a 
?xed portion disposed above the semiconductor substrate at 
a height containing the same plane as the movable portion, 
the ?xed portion disposed so as to interpose an interval 
betWeen the ?xed portion and the movable portion to 
displace the movable portion utiliZing electrostatic force, 
thereby detecting a physical quantity from displacement of 
the movable portion accompanying action of the physical 
quantity, the sensor being characteriZed by an insulation ?lm 
disposed betWeen the semiconductor substrate and the ?xed 
electrode, and the insulation ?lm being a LOCOS (local 
oxidation of silicon) oxide ?lm. 

Consequently, the semiconductor physical-quantity sen 
sor according to the present invention takes a LOCOS oxide 
?lm formed during fabrication of a sensor detection circuit 
or during separation of diffusion electrodes as an insulation 
?lm, forms an electrode anchor portion on this insulation 
?lm, and increases dielectric breakdown voltage With the 
substrate along With avoiding an increase in processes and 
suppressing cost increase. 

Additionally, according to the present invention, the insu 
lation ?lm to Which the anchor portion for ?xed-portion use 
is ?xed is formed of LOCOS oxide ?lm. That is to say, the 
insulation ?lm is formed not only on the surface of the 
semiconductor substrate, but also to a predetermined depth 
from the surface of the semiconductor substrate. A large 
distance from the LOCOS insulation ?lm surface of the 
portion to Which the anchor portion for ?xed-portion use is 
?xed can thereby be obtained. At that time, moreover, only 
a portion of the LOCOS oxide ?lm on the semiconductor 
substrate surface is exposed, and so large offset of the 
distance betWeen the ?xed portion and the semiconductor 
substrate surface With respect to the distance betWeen the 
movable portion and the semiconductor substrate surface 
can be prevented. The position of the movable portion can 
thereby be controlled With good accuracy. Furthermore, the 
need for a neW step to form a hole in the thick insulation ?lm 
in order to Wire the movable portion and ?xed portion can 
also be prevented. 

Moreover, a method for fabricating a semiconductor 
physical-quantity sensor according to the present invention 
comprises a step of forming a LOCOS oxide ?lm on a 
surface of a semiconductor substrate, a step of forming a 
sacri?cial layer on a main surface of the semiconductor 
substrate, a step of forming a movable portion of beam 
structure and a ?xed portion on the sacri?cial layer, and a 
step of etching aWay the sacri?cial layer so as to cause the 
movable portion to become displaceable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and characteristics of the 
present invention Will be appreciated from a study of the 
folloWing detailed description, the appended claims, and 
draWings, all of Which form a part of this application. In the 
draWings: 

FIG. 1 is a plan vieW indicating a yaW-rate sensor 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a sectional vieW taken along line II—II of FIG. 
1; 

FIG. 3 is a sectional vieW taken along line III—III of FIG. 
1; 

FIG. 4 is a sectional vieW taken along line IV—IV of FIG. 
1; 
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4 
FIGS. 5A to SE are sectional vieWs indicating fabrication 

steps of the ?rst embodiment; 
FIG. 6 is a sectional vieW taken along line VI—VI of FIG. 

1; 
FIG. 7 is a sectional vieW indicating an example of a 

structure Where a plurality of anchor portions have been 
provided; 

FIG. 8 is a sectional vieW indicating another example of 
an anchor structure of a ?xed electrode for vibration use; 

FIG. 9 is a sectional vieW corresponding to a section of 
FIG. 8 taken along line VI—VI of FIG. 1; 

FIGS. 10A to 17A and FIGS. 10B to 17B are sectional 
vieWs indicating respective fabrication steps of the structure 
indicated in FIGS. 8 and 9; 

FIG. 18 is a sectional vieW indicating another example of 
an anchor structure of a ?xed electrode for vibration use; 

FIG. 19 is a sectional vieW corresponding to a section of 
FIG. 18 taken along line VI—VI of FIG. 1; 

FIGS. 20A to 26A and FIGS. 20B to 26B are sectional 
vieWs indicating respective fabrication steps of the structure 
indicated in FIGS. 18 and 19; 

FIG. 27A is a perspective vieW indicating an entirety of a 
conventional acceleration sensor; 

FIG. 27B is a sectional vieW taken along line B—B of 
FIG. 27A; and 

FIG. 27C is a sectional vieW taken along line C—C of 
FIG. 27A. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EXEMPLARY 

EMBODIMENTS 

Aspeci?c embodiment according to the present invention 
Will be described hereinafter With reference to the draWings. 

FIG. 1 is a plan vieW of a yaW-rate sensor according to the 
present embodiment, Which utiliZes a transistor for detection 
of yaW rate. 

In FIG. 1, a semiconductor substrate 1 is a p-type silicon 
in the present embodiment. A microstructure suspended in a 
movable state With respect to the semiconductor substrate 
exists on the semiconductor substrate 1 surface, and has a 
structure Which Will be described hereinafter: a Weight 
(mass) 4 to earn an amount of displacement due to yaW rate; 
beams 31, 32, 33, and 34 to support the Weight 4 in a 
movable state With respect to the substrate 1; anchor por 
tions 21, 22, 23, and 24 to ?x to the substrate 1; movable 
electrodes 41 and 42 disposed so as to protrude from the 
Weight 4 and Which function as a gate in terms of a 
transistor; and electrodes 51, 52, 53, and 54 for vibration use 
to impart vibration to the Weight 4 and movable electrodes 
41 and 42. 

Herein, the Weight 4, movable electrodes 41 and 42, and 
electrodes for vibration use 51 to 54 are disposed above the 
substrate 1 With a predetermined gap interposed 
therebetWeen, and are supported by the beams 31 to 34 and 
anchor portions 21 to 24. Further, the anchor portions 21 to 
24 are formed on a remained sacri?cial layer not illustrated 
in FIG. 1. 

These anchor portions 21 to 24, beam portions 31 to 34, 
Weight 4, movable electrodes 41 and 42, and electrodes for 
vibration use 51 to 54 are structured integrally of, for 
example, polycrystalline silicon and a heat resistant metal 
such as tungsten or the like. According to the present 
embodiment, polycrystalline silicon is employed as a typical 
material. 
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Meanwhile, the structural bodies Which Will be described 
hereinafter are disposed on the semiconductor substrate 1. 

Source electrodes 71 and 72 as Well as drain electrodes 81 
and 82, Which are composed of a diffusion layer formed by 
introducing n-type impurities into the p-type silicon sub 
strate 1 through a method such as ion implantation or the 
like, are disposed at a surface of the semiconductor substrate 
1 corresponding to the movable electrodes 41 and 42 to 
thereby make up transistors, each having an air gap With 
respect to the corresponding movable electrode, together 
With the movable electrodes 41 and 42. 

Additionally, ?xed electrodes for vibration use 61, 62, 63, 
and 64 are provided. The ?xed electrodes for vibration use 
61, 62, 63, and 64 impart a potential differential having a 
predetermined frequency in the interval betWeen these and 
the electrodes for vibration use 51 to 54 formed integrally 
With the Weight 4. When a voltage for vibration use of a 
certain frequency is applied betWeen the electrodes for 
vibration use 51 to 54 and the ?xed electrodes for vibration 
use 61 to 64, horiZontal vibration is generated on the side of 
the vibration electrodes 51 to 54 Which are in a movable 
state due to electrostatic force, and vibration in the x 
direction indicated in FIG. 1 is imparted to the Weight 4. 
Furthermore, the ?xed electrodes for vibration use 61 to 64 
are formed of polycrystalline silicon material simulta 
neously With the electrodes for vibration use 51 to 54 and the 
like. Additionally, these ?xed electrodes for vibration use 61 
to 64 are ?xed via anchor portions (not shoWn) on a LOCOS 
oxide ?lm (not shoWn in FIG. 1) Which is formed on the 
substrate 1. 

In addition, under the microstructure except for the mov 
able electrodes 41 and 42, an underlying electrode 9 is 
formed by introducing n-type impurities into the p-type 
silicon substrate 1 through a method such as ion implanta 
tion or the like, and the movable electrode 4 is prevented 
from being displaced in the substrate direction by electro 
static force and touching the substrate by causing the under 
lying electrode 9 to be equipotential With the Weight 4. 

The movable electrodes 41 and 42 are connected together 
With the Weight 4, beams 31 to 34, and anchor portions 21 
to 24 to peripheral circuit via Wiring (not illustrated), and the 
underlying electrode 9 also is connected via Wiring (not 
illustrated) to peripheral circuit. Furthermore, the ?xed 
electrodes for vibration use 61 to 64 are connected via 

Wiring (not illustrated) to peripheral circuit so as to be 
supplied With a voltage signal for vibration use having 
predetermined frequency. HoWever, the voltage-signal phase 
of the voltage signal for vibration use applied to the set of 
61 and 62 and the voltage signal for vibration use applied to 
the set of 63 and 64 is shifted by 180 degrees. Moreover, 
source electrodes 71 and 72 and drain electrodes 81 and 82 
are connected via aluminum Wirings (not illustrated) to a 
current-detection circuit (not illustrated) among the periph 
eral circuit. 

FIG. 2 indicates a sectional structure corresponding to 
line II—II of FIG. 1. 

The semiconductor substrate 1 is made up of p-type 
silicon, and the source electrode 71 and drain electrode 81 
Which are diffusion layers are formed by n-type impurities in 
a main-surface of the substrate 1; an inversion layer 91 is 
formed betWeen the source electrode 71 and drain electrode 
81 by a gate potential applied to the movable electrode 41. 
A gap 100 is provided betWeen the movable electrode 41 

and the semiconductor substrate 1, and the movable elec 
trode 41 becomes perpendicularly displaceable With respect 
to the substrate. 
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6 
FIG. 3 indicates a sectional structure corresponding to 

line III—III of FIG. 1. The Weight 4 is supported via the 
beams 31 and 32 and anchor portions 21 and 22 at an 
insulation ?lm 110 (a sacri?cial ?lm Which Will be described 
later) formed on the semiconductor substrate 1. 

Distance of the gap 100 is established by the thickness of 
the insulation ?lm 110, and the insulation ?lm 110 is made 
up of SiO2, Si3N4, or the like. 

The insulation ?lm 110 is made up of a sacri?cial layer 
Which establishes the interval betWeen the Weight 4 or the 
beams 31 to 34 and the semiconductor substrate 1, and is 
etched aWay except for a portion corresponding to the 
anchor portions 21 to 24, and the gap 100 is formed across 
the entire microstructure region. At the time of this etching, 
etchant is used Whereby the polycrystalline silicon substrate 
1 Which is the material making up the Weight 4, beams 31 
to 34, and anchor portions 21 to 24 is not etched, but only 
the insulation ?lm 110 Which is the sacri?cial layer is etched. 

Additionally, the underlying electrode 9 composed of an 
n-type impurity diffusion layer is formed on the main surface 
of the semiconductor substrate 1. 

FIG. 4 indicates a sectional structure corresponding to 
line IV—IV of FIG. 1. 
ALOCOS oxide ?lm 111 is formed on the semiconductor 

substrate 1, and the ?xed electrodes for vibration use 64 are 
disposed on the LOCOS oxide ?lm 111 at a portion thereof 
as an anchor 60. 

The electrodes for vibration use 54 exits respectively at 
central positions betWeen the ?xed electrodes for vibration 
use 64 Which resemble the teeth of a comb, and a gap 100 
is interposed in the interval With the surface of the substrate 
1. 
The underlying electrode 9 is formed on the substrate to 

oppose the electrodes for vibration use 54, and is caused to 
be equipotential With the electrodes for vibration use 54 so 
that attraction force due to electrostatic force is not gener 
ated betWeen the electrodes for vibration use 54 and the 
substrate 1. 
When the voltage signal for vibration use is applied to the 

?xed electrodes for vibration use 64, electrostatic force is 
produced at the electrodes for vibration use 54, but because 
a voltage signal for vibration use the phase of Which is 
shifted 180 degrees is applied to the ?xed electrode for 
vibration use 61 With respect to the electrode for vibration 
use 51 protruding from the Weight 4 on the opposite side, 
displacement of the Weight 4 occurs in the horiZontal 
direction of the substrate. 

Additionally, as is indicated by d1 and d2 in FIG. 4, Width 
d1 of the ?xed electrode for vibration use is established to 
be larger than Width d2 of the LOCOS oxide ?lm 111. In a 
case Where d1 is smaller than d2, the gap betWeen the 
substrate surface and the portion of the ?xed electrode for 
vibration use 64 Which opposes the electrode for vibration 
use 54 becomes larger by an amount corresponding to the 
thickness of the LOCOS oxide ?lm 111, height thereof 
differs from the electrode for vibration use 54, the magnitude 
of electrostatic force is changed from the design, and a 
problem occurs in Which sensitivity and the like of the 
sensor change. On the other hand, When d1 is larger than d2, 
the portion of the ?xed electrode for vibration use 64 Which 
opposes the electrode for vibration use 54 is separated from 
the substrate by a distance de?ned by the thickness of the 
sacri?cial layer (not illustrated). That is to say, the portion of 
the ?xed electrode for vibration use 64 Which opposes the 
electrode for vibration use 54 can be disposed at the same 
height as the electrode for vibration use 54. A difference 
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between d1 and d2 of 10 pm or less is preferred. This is 
because, When the protrusion of the ?xed electrode from the 
LOCOS oxide ?lm 111 is large, the ?xed electrode for 
vibration use is pulled toWard the substrate and displaced by 
electrostatic force generated in the interval With the substrate 
1. Reducing the difference betWeen d1 and d2 is effective in 
reducing this displacement. 

To describe operation of a yaW-rate sensor structured in 
this Way, When voltage is applied betWeen the movable 
electrodes 41 and 42 and the semiconductor substrate 1, 
inversion layers 91 and 92 are respectively formed betWeen 
the source electrodes 71 and 72 and the drain electrodes 81 
and 82, and currents ?oW therethrough. 

Additionally, When voltage for vibration use of a certain 
frequency is applied betWeen the ?xed electrodes for vibra 
tion use 61 to 64 and the electrodes for vibration use 51 to 
54 With phase shifted by 180 degrees at the ?xed electrode 
for vibration use 61, 62 and 63, 64, the Weight 4 is caused 
to be vibrated in a direction horiZontal With the substrate 1 
(i.e., the x direction in FIG. 1). 

Because Coriolis force generated by yaW rate is propor 
tionate to the speed of this vibration, it is preferred that a 
frequency With a resonance point Where amplitude of fre 
quency becomes larger be selected in order to obtain a large 
vibration speed. 
When yaW rate 00 having an axis Which is horiZontal With 

respect to the semiconductor substrate and perpendicular to 
the vibration direction x is generated With respect to the 
Weight 4 Which is excited and vibrated in this Way, Coriolis 
force Which is proportional to the vibration speed and 
vibrating-body mass is generated, and the Weight 4 is 
displaced perpendicularly With respect to the substrate. 
Because of this, the movable electrodes 41 and 42 are also 
displaced, and the gap 100 indicated in FIG. 2 changes. That 
is to say, electric ?eld intensity applied to the inversion layer 
91 (92) changes and carrier concentration of the inversion 
layer 91 (92) changes due to the movable electrode 41 (42) 
Which functions as a gate being displaced With respect to the 
substrate 1, and the amount of current betWeen the source 
electrode 71 (72) and the drain electrode 81 (82) changes. It 
becomes possible to detect yaW rate by this current change. 

Here, in a case Where Coriolis force acting upon the 
vibrating-body due to yaW rate is detected With high 
sensitivity, it is effective to increase vibration speed. For this 
reason, it is necessary to enlarge the amplitude of the 
vibrating-body Which is vibrating at the resonant frequency. 

To enlarge the amplitude of the vibrating-body Which is 
vibrating at the resonant frequency, it is suf?cient to increase 
the voltage applied to the ?xed electrode for vibration use. 
According to the present embodiment, the ?xed electrode 
for vibration use is disposed on a LOCOS oxide ?lm having 
a large dielectric breakdoWn voltage as shoWn in FIG. 4, and 
so a large voltage can be applied to the ?xed electrode for 
vibration use, and a high-sensitivity yaW-rate sensor having 
a Weight 4 With a large amplitude can be structured. 
Amethod of fabrication according to the present embodi 

ment Will be described hereinafter With reference to a 
sectional vieW taken along line IV—IV of FIG. 1 as repre 
sentative. 
As shoWn in FIG. 5A, a LOCOS oxide ?lm 111 having a 

thickness of 50 nm or more or Which is thicker than an 
ordinary transistor gate oxide ?lm is formed as an insulation 
?lm on a semiconductor substrate 1. 

Next, as shoWn in FIG. 5B, impurities are introduced into 
a surface of the semiconductor substrate by ion 
implantation, and a diffusion region 9 Which becomes an 
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8 
underlying electrode is formed. Source electrode 71 and 72 
and drain electrode 81 and 82 are also formed simulta 
neously at this time. 

Thereafter, as shoWn in FIG. 5C, a sacri?cial layer 110 is 
formed on the substrate 1, an etching step is executed, and 
open portions 112 Which become anchor portions of ?xed 
electrodes for vibration use 64 are disposed on the LOCOS 
oxide ?lm 111. 

Next, as shoWn in FIG. 5D, a polycrystalline silicon ?lm 
is deposited and patterned to form electrodes for vibration 
use 54 and ?xed electrodes for vibration use 64. Anchor 
portions 21 to 24, beams 31 to 34, a Weight 4, and movable 
electrodes 41 and 42 are also formed simultaneously at this 
time. Additionally, other electrodes for vibration use 51 to 53 
and ?xed electrodes for vibration use 61 to 63 are also 
formed simultaneously. Anchor portions 60 of the ?xed 
electrodes for vibration use are formed in the open portions 
112. 

Next, as shoWn in FIG. 5E, sacri?cial-layer etching is 
performed, and gaps 100 are formed and the electrodes for 
vibration use 54 are placed in a movable state. The sacri?cial 
layer 110 beloW the beams 31 to 34, Weight 4, and movable 
electrodes 41 and 42 is also simultaneously etched at this 
time, and vibration in the horiZontal direction of the sub 
strate due to excitation as Well as displacement perpendicu 
larly by Coriolis force due to yaW rate become possible, and 
functioning as a sensor to detect yaW rate With a transistor 
becomes possible. 

In a case Where an oxide ?lm is employed as the sacri?cial 
layer 110 in the present fabrication step, it is preferred that 
a nitride ?lm be formed on the LOCOS oxide ?lm 111 
priorly to sacri?cial layer 110 formation. The LOCOS oxide 
?lm 111 can be protected from the etchant by this nitride ?lm 
at the time of etching of the sacri?cial layer Which is an 
oxide ?lm. 

In a yaW-rate sensor according to the present 
embodiment, the number of comb teeth of the respective 
?xed electrodes for vibration use Was three, and the number 
of comb teeth of the respective electrodes for vibration use 
Was tWo, but a greater or less number is also acceptable. 

Additionally, the opposing surfaces of the ?xed electrodes 
for vibration use and the electrodes for vibration use Were 
caused to be the same height, but there is no need for the 
height to be necessarily the same. Employment of a p-type 
semiconductor as the substrate Was described, but this can 
also be made up of an n-type semiconductor, and so the 
diffusion electrode in this case is made up of a p-type. 
A sectional vieW taken along line VI—VI in FIG. 1 is 

indicated in FIG. 6. 
A LOCOS oxide ?lm 111 is formed on a semiconductor 

substrate 1, and a ?xed electrode for vibration use 61 a 
portion of Which serves an anchor 60 is formed on the 
LOCOS oxide ?lm 111. When structure is such as this, there 
is resistance to dielectric breakdoWn even if high voltage is 
applied to the ?xed electrode for vibration use 61, and the 
?xed electrode for vibration use 61 is not displaced even if 
electrostatic force is generated in the interval With the 
substrate. 

Furthermore, as shoWn in FIG. 7, a structure in Which a 
plurality of anchor portions 60 are provided is also accept 
able. 

Next, FIG. 8 indicates another example of an anchor 
structure Which can apply a voltage for vibration use of 
higher voltage, With a portion of a ?xed electrode for 
vibration use corresponding to a portion of a sectional vieW 
taken along line IV—IV in FIG. 1 as representative. 
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In the present example, differences With the sectional 
vieW indicated in FIG. 4 Will primarily be described. 
A ?xed electrode for vibration use 64 is formed on a 

LOCOS oxide ?lm 111 via a heat resistant conductive 
material 200. Moreover, a nitride ?lm 220 is provided to 
protect the LOCOS oxide ?lm 111 during sacri?cial-layer 
etching. 
A sectional vieW in the structure in FIG. 8 corresponding 

to the sectional vieW taken along line VI—VI in FIG. 1 is 
indicated in FIG. 9. 

The heat resistant conductive material 200 is formed on 
the LOCOS oxide ?lm 111, the heat resistant conductive 
material 200 is formed to be longer than the ?xed electrode 
for vibration use 64, and aluminum Wiring 210 is connected 
at an end thereof. A nitride ?lm 250 is formed on the 
aluminum Wiring With an object of protecting the aluminum 
Wiring during sacri?cial-layer etching. 

The aluminum Wiring 210 is connected to peripheral 
circuit. Consequently, the ?xed electrode for vibration use 
64 is connected to peripheral circuit via the heat resistant 
conductive material 200 and aluminum Wiring 210. 
When structure is such as this, a step occurring in Wiring 

is smaller When Wiring is draWn from the ?xed electrode for 
vibration use 64 compared With When Wiring is extracted 
from an upper portion of the ?xed electrode for vibration use 
64, and a problem With a disconnection in Wiring can be 
avoided. 

Steps of fabrication of the structure indicated in FIGS. 8 
and 9 Will be described hereinafter. FIGS. 10A to 17A 
indicate sectional vieWs in fabrication-step sequence in a 
sectional vieW corresponding to FIG. 8, and FIGS. 10B to 
17B indicate sectional vieWs in fabrication-step sequence in 
a sectional vieW corresponding to FIG. 9. 
As shoWn in FIGS. 10A and 10B, a LOCOS oxide ?lm 

111 is formed on a semiconductor substrate 1. 

Next, as shoWn in FIGS. 11A and 11B, a heat resistant 
conductive material 200 such as for example polycrystalline 
silicon is formed on the LOCOS oxide ?lm 111. 

In FIGS. 12A and 12B, a nitride ?lm 220 is formed on a 
main surface of the substrate 1, and an open portion 230 for 
?xed-electrode anchor use is formed on the nitride ?lm 220 
to expose an upper portion of the heat resistant conductive 
material 200. 

Next, as shoWn in FIGS. 13A and 13B, a sacri?cial layer 
110 is formed on the nitride ?lm 220, an etching step is 
executed, and open portions 240 and 241 are formed at 
anchor-portion and Wiring-formation positions of the sacri 
?cial layer 110 on the LOCOS oxide ?lm 111. 

Next, in FIGS. 14A and 14B, ?lm-formation of a heat 
resistant metallic layer such as polycrystalline silicon or 
tungsten is performed, and a ?xed electrode for vibration use 
64 is formed. Microstructure anchor portions 21 to 24, 
beams 31 to 34, a Weight 4, and movable electrodes 41 and 
42 are also formed simultaneously at this time. 

Next, as shoWn in FIGS. 15A and 15B, a contact hole 231 
for Wiring use is formed in the nitride ?lm 220 so as to 
expose a portion of the heat resistant conductive material 
200. 

Next, as shoWn in FIGS. 16A and 16B, aluminum Wiring 
210 connected via the contact hole 231 to the heat resistant 
conductive material 200 is formed, and a nitride ?lm 250 is 
formed on the aluminum Wiring 210. It is preferred that a 
plasma nitride ?lm for passivation use be employed for the 
nitride ?lm 250. 

Next, as shoWn in FIGS. 17A and 17B, the sacri?cial layer 
110 is etched aWay, and a gap 100 is formed. In a case where 
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10 
the sacri?cial layer 100 is an oxide ?lm or the like, HF or the 
like is used as etchant, and the aluminum Wiring 210 is 
protected by the nitride ?lm 250 and is not etched. 

Additionally, the sacri?cial layer 110 Which is a loWer 
portion of the beams 31 to 34, Weight 4, and movable 
electrodes 41 and 42 is also simultaneously etched at this 
time, and vibration in the horiZontal direction of the sub 
strate due to excitation as Well as displacement perpendicu 
larly by Coriolis force due to yaW rate become possible, and 
yaW-rate detection becomes possible. 
A structure of an anchor portion of a ?xed electrode for 

vibration use Was described according to the present 
embodiment, but it is also acceptable for this to be employed 
in for example the anchor portions 21, 22, 23, and 24 
indicated in FIG. 1 on the movable microstructure side. 

Another example of an anchor structure of the ?xed 
electrode for vibration use shoWn in FIGS. 8 and 9 is 
indicated respectively in FIGS. 18 and 19. A difference 
betWeen the example in these FIGS. 18 and 19 and the 
anchor structure indicated in FIGS. 8 and 9 is that a heat 
resistant conductive material 200 is formed on a nitride ?lm 
220 according to the present embodiment, and a method of 
fabrication thereof Will be described hereinafter. FIGS. 20A 
to 26A indicate sectional vieWs in fabrication-step sequence 
in a sectional vieW corresponding to FIG. 18, and FIGS. 20B 
to 26B indicate sectional vieWs in fabrication-step sequence 
in a sectional vieW corresponding to FIG. 19. 

Firstly, as shoWn in FIGS. 20A and 20B, a LOCOS oxide 
?lm 111 is formed on a semiconductor substrate 1. 

Next, as shoWn in FIGS. 21A and 21B, a nitride ?lm 220 
is formed on a main surface of the semiconductor substrate 
1. 

Next, as shoWn in FIGS. 22A and 22B, a heat resistant 
conductive material 200 such as for example polycrystalline 
silicon is formed on the LOCOS oxide ?lm 111 and nitride 
?lm 220. Next, as shoWn in FIGS. 23A and 23B, a sacri?cial 
layer 110 is formed on the main surface of the semiconduc 
tor substrate 1, an etching step is executed, and thereby an 
open portion 240 for an anchor portion and an open portion 
241 for Wiring, each of Which exposes an upper portion of 
the heat resistant conductive material 200, are formed in the 
sacri?cial layer 110 on the LOCOS oxide ?lm 111. 

Next, as shoWn in FIGS. 24A and 24B, ?lm-formation of 
a heat resistant metallic layer such as polycrystalline silicon 
or tungsten is performed, and a ?xed electrode for vibration 
use 64 is formed. Microstructure anchor portions 21 to 24, 
beams 31 to 34, a Weight 4, and movable electrodes 41 and 
42 are also formed simultaneously at this time. 

Next, as shoWn in FIGS. 25A and 25B, aluminum Wiring 
210 connected to the heat resistant conductive material 200 
is formed, and a nitride ?lm 250 is formed on the aluminum 
Wiring 210. 

Next, as shoWn in FIGS. 26A and 26B, the sacri?cial layer 
110 is etched aWay, and a gap 100 is formed. 
According to the structure indicated in FIGS. 8 and 9, the 

nitride ?lm 220 constantly protects the heat resistant con 
ductive material 200 and plays a role in passivation, and the 
heat resistant conductive material 200 assumes a structure 
Whereby physical changes over time due to the environment 
do not easily occur. 

In contrast to this, the structure indicated in FIGS. 18 and 
19 is characteriZed in that the heat resistant conductive 
material 200 exists on the nitride ?lm 220, a step to form an 
open portion for an anchor for use by the ?xed electrode for 
vibration use and a contact hole can be omitted, and the 
process can be shortened. 
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A yaW-rate sensor has been described With reference to 
the foregoing embodiments, but the present invention can 
also be utilized in an acceleration sensor Which performs 
servo detection, or in an actuator Which utiliZes electrostatic 
force. 

Consequently, as has been described in detail above, 
according to the present invention, by causing an anchor 
portion of a ?xed electrode for electrostatic force use, i.e., 
?xed electrode for vibration use, to exist on a thick insula 
tion ?lm Which is a LOCOS oxide ?lm, measurement of 
high accuracy can be performed Without occurrence of 
deformation or displacement of the ?xed electrode for 
electrostatic force use even if voltage applied to the ?xed 
electrode for electrostatic force use is caused to be changed, 
and it becomes possible to provide a semiconductor 
physical-quantity sensor Which can increase a dielectric 
breakdown voltage betWeen the ?xed electrode for electro 
static force use and a substrate Without varying a thickness 
of a sacri?cial layer of an insulator or causing sacri?cial 
layer etching time to be affected, as Well as a method for 
fabricating same. 

In speci?c terms, effects are as Will be described herein 
after. 

Dielectric breakdoWn voltage can be caused to increase in 
comparison With a case Where an anchor portion of a ?xed 
electrode for electrostatic force use is provided on an ordi 
nary pn-junction portion, natural oxidation ?lm, or a gate 
oxide ?lm, voltage applied to the ?xed electrode for elec 
trostatic force use can be enlarged, and along With this, a 
sufficiently thick insulation ?lm can be obtained by utiliZing 
a LOCOS oxide ?lm Without causing processes to be 
increased. 

Additionally, When the LOCOS oxide ?lm is placed in a 
state Whereby it is covered by a nitride ?lm, the LOCOS 
oxide ?lm can be protected from an etching step, for 
example sacri?cial-layer etching, in the fabrication process. 

Additionally, When made such that the ?xed electrode for 
electrostatic force use is supported at a plurality of positions, 
a spring coefficient thereof can be made considerably larger 
in comparison With a case Where a ?xed electrode is sup 
ported at one end thereof by an anchor portion, and defor 
mation and displacement of the ?xed electrode for electro 
static force use due to electrostatic force With the substrate 
can be reduced. 

In particular, When a plurality of anchor portions are 
disposed along a lengthWise direction of the ?xed electrode 
for electrostatic force use, deformation of the ?xed electrode 
can be reduced to a negligible extent in comparison With a 
case Where a ?xed electrode is supported at one end thereof 
by an anchor portion. 

Furthermore, by forming conductive material on a 
LOCOS oxide ?lm and forming an anchor portion of a ?xed 
electrode for electrostatic force use and the like on the 
conductive material, Wiring of a movable electrode and/or 
?xed electrode via anchor portion thereof can be formed 
Without leading to a breakage in Wiring. 

While the present invention has been shoWn and 
described With reference to the foregoing preferred 
embodiments, it Will be apparent to those skilled in the art 
that changes in form and detail may be made therein Without 
departing from the scope of the invention as de?ned in the 
appended claims. 
What is claimed is: 
1. Asemiconductor physical-quantity sensor, comprising: 
a semiconductor substrate; 
a movable member having an anchor portion Which 

anchors said movable member to said semiconductor 
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substrate, Wherein said movable member is displaced 
by and detects a physical quantity acting from both a 
direction parallel to said semiconductor substrate and a 
direction non-parallel on relative to said semiconductor 
substrate on said movable member; 

an oxide ?lm formed on said semiconductor substrate; 
and 

a ?xed member including an anchor portion Which 
anchors said ?xed member to said semiconductor sub 
strate by said oxide ?lm, said ?xed member extending 
above said semiconductor substrate and said oxide ?lm 
to a height above a height of said movable member, and 
including a communication portion that extends out 
Wardly at a height corresponding to a height of said 
movable member to facilitate communication betWeen 
said movable member and said ?xed member, said 
communication portion de?ning a gap across Which an 
electrostatic force is generated by a voltage applied 
therebetWeen. 

2. A semiconductor physical-quantity sensor, comprising: 
a semiconductor substrate; 

a movable member having an anchor portion Which 
anchors said movable member to said semiconductor 
substrate, said movable member being displaced by and 
detecting a physical quantity acting from both a direc 
tion parallel to said semiconductor substrate and a 
direction non-parallel to said semiconductor substrate; 

an oxide ?lm formed on said semiconductor substrate; 
and 

a ?xed member including an anchor portion by Which said 
?xed member is ?xed to said semiconductor substrate 
by said oxide ?lm said oxide ?lm having a center 
thickness in proximity to said anchor portion that tapers 
to a peripheral thickness less than the center thickness 
to thereby inhibit breakdoWn of said oxide ?lm When a 
voltage is applied betWeen said movable member and 
said ?xed member. 

3. The sensor of claim 1, Wherein said ?xed member 
de?nes an air gap betWeen said ?xed member and said oxide 
?lm. 

4. The sensor of claim 2, Wherein said ?xed member 
de?nes an air gap betWeen said ?xed member and said oxide 
?lm. 

5. The sensor of claim 3, Wherein said ?xed member is a 
?xed electrode. 

6. The sensor of claim 4, Wherein said ?xed member is a 
?xed electrode. 

7. The semiconductor physical-quantity sensor of claim 1, 
Wherein the movable member further detects a yaW rate. 

8. The semiconductor physical-quantity sensor of claim 2, 
Wherein the movable member further detects a yaW rate. 

9. A semiconductor physical-quantity sensor, comprising: 
a semiconductor substrate; 

a movable member having an anchor portion Which 
anchors said movable member to said semiconductor 

substrate; 
an oxide ?lm formed on said semiconductor substrate; 

and 

a ?xed member including an anchor portion Which 
anchors said ?xed member to said semiconductor sub 
strate by said oxide ?lm, said ?xed member extending 
above said semiconductor substrate and said oxide ?lm 
to a height above a height of said movable member, and 
including a communication portion that extends out 
Wardly at a height corresponding to a height of said 
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movable member to facilitate communication betWeen 
said movable member and said ?xed member, said 
communication portion de?ning a gap across Which an 
electrostatic force is generated by a voltage applied 
therebetWeen. 

10. The sensor of claim 9, Wherein said ?xed member 
de?nes an air gap betWeen said ?xed member and said oxide 
?lm. 

11. The sensor of claim 9, Wherein said ?xed member is 
a ?xed electrode. 

12. The semiconductor physical-quantity sensor of claim 
9, Wherein the movable member further detects a yaW rate. 

13. A semiconductor physical-quantity sensor, compris 
ing: 

a semiconductor substrate; 

a movable member having an anchor portion Which 
anchors said movable member to said semiconductor 
substrate; 
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an oxide ?lm formed on said semiconductor substrate; 

and 
a ?xed member including an anchor portion by Which said 

?xed member is ?xed to said semiconductor substrate 
by said oxide ?lm, said oxide ?lm having a center 
thickness in proximity to said anchor portion that tapers 
to a peripheral thickness less than the center thickness 
to thereby inhibit breakdoWn of oxide ?lm When a 
voltage is applied betWeen said movable member and 
said ?xed member. 

14. The sensor of claim 13, Wherein said ?xed member 
de?nes an air gap betWeen said ?xed member and said oxide 
?lm. 

15. The sensor of claim 13, Wherein said ?xed member is 
a ?xed electrode. 

16. The semiconductor physical-quantity sensor of claim 
13, Wherein the movable member further detects a yaW rate. 

* * * * * 


